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Chapter 7
Leachate and gas formation

7.1 Introdaction

The wasle in a sanitary landfill is a mixture of organic materials (e.g. garbage, paper,
cardboard, (extiles, plastic, wood, rubber) and inorganic waste, which may include
metals such as cans and wires. As the refuse ie placed in landfill, it undergoes
oxidation and decomposition in the presence of oxygen, moisture and appropriate
temperature. Water, which is essential for decomposition, is derived from the waste
itself and is about 10-20% by volume or 100-200 mm? of water for cach | m? of refuse
(Fenn ¢ al., 1975). The rale of decomposition is influenced by (ype of refuse, ambient
lemperalure, oxygen supply and water content. When infillration exceeds the total
evapotranspiration plus the moisture retention capacity of the refuse in the gravita-
tional ficld, the water percolates through the refuse removing dissolved andfor
suspended products of biological and chemical decomposition.

The biological degradation of the waste may occur in the presence of oxygen
(aerobic bacleria), in an environment devoid of oxygen (anaerobic bacteria), or with
very litlle oxygen (facultative anacrobic bacteria). Aerobic bacleria require oxygen lo
attack the-organic material if the appropriate nutrients and moisture are present.
Anaerobic bacleria remain mostly dormant in the presence of oxygen. Facultative
anzerobic bacteria are adaptable to the presence of oxygen.

In alt cases organic waste is broken down by enzymes produced by bacteria in a
manner comparable to food digestion. Considerable heat is generated by these
reactions with methane, carbon dioxide, and other gases as the by-products. A
satisfactory design of landfill must consider measures for collecting and treating

lcachate, a leakage detection system, and gas venlings.

7.1.1 Aerobic decomposition

In the presence of oxygen, approprialc nutrients and maisture, aerobic bacteria
usually generate watcr, carbon dioxide, organic acids and inorganic minerals. The
major conslitucnts of organic wasles in a sanitary landfill are foodstuffs, celivlose,
and plastics, rubber and leather. Foodstuffs principally contain proteins, carbohyd-
rates and fats. Materals containing cellulose include paper, rags, fruit skins, etc.
Proteins consist of complex nitrogenous compounds and sulphur compounds that
may be reduced (o ammonia gas, nitric acid, sulphuric acid, carbon dioxide and
waler. Carbohydrates (sugat, starch) successively change o glucose, lactic acid and
acetic acid, which finally oxidizes yielding carbon dioxide and waler. Fats are split
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into fatty acids and glycerine. Methane gas and carbon dioxide are the by-products of
the oxidation of (atty acids.

Rubber and most plustics are usuvally resistant to biochemical degradation. Plastic
polymers decomgpose into fragment molecules or monomers (Z2rlaut and Stake, 1975)
depending on their structure and conditions of heat, air, radiation, and mechanical
methods used in manufiacturing. Vinyl polymers such as polyethylene are resistant to
monomer formation by virlue of their structure. Because of the high temperature
assotiated with the acrobic phase some plastics may be altered.

The heat produced from acrobic decomposition elevates the initia) temperature.
Peak temperatures of 160°F (71°C) can be achieved in a few days to.a few weeks after
application of the cover (Noble, 1976). The high temperature (roughly 70°F (21°C)

above ambient) may cause combustion of dry waste and generate fire.
'

7.1.2 Anaerobic decomposition

The consymplion of nutrients and depletion of oxygen and moisture tend to inhibit
the aerobic process and initiate the anaerobic decomposition process (Figure 7.1). In
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Figere 7.1 Gas compostion and evolution in a typical landfil) (Reproduced from Gas Generation Institure,
1981, by permission)
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Genesation InsGuute, 1981, by permission)

the presence of moisture and appropriale nutrents, the anacrobic process and gas
generation could extend over a long period after completion of the landfll as
illustrated in Pigure 7.2, Organic materials are broken down by faculiative and
anacerobic bacteria. In the inttial phase of anaerobic decomposition the principal gas
praduced is carbon dioxide. With time, the amounl of carban dioxide decreases and
methane increases, each reaching a plateau. The concentration of methane can reach
50-60%. A landfill may continue to produce methane at this rate for 10 or more years.

Carbohydrates and cellulose are converted into sugar then alcohol and various
acids. Carbon dioxide is released and the pH drops, thus inhibiting the acid-forming
process. The soluble acids are converted into methane and carbon dioxide. This raises
the pH and the acid lermentation bacteria resume activity. The process would
continuc in the presence of nutrients, appropriate pH, temperature, and moisture.
The heat generated by the anaerobic process is much less than that of the aerobic
phase.

With the cxception of melals, inorganic materials are not subject to cerrosion.
Melals are oxidized, Strong inorganic acids produced as by-products of decomposi-
tion could corrode metals. Chemical reactions could cause the galvanic action that
accelerates the corrosion of metals, Plaslics, glass and synthetic rubber remain
essentially inert, and natural rubber breaks down extremely slowly.

7.2 Leachate

Leachatc refers to the highly contaminated walcr Lhat cmanales from a disposal site.

»
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The percolation of rainwater through a landfill or surface runoff from an incflective
landfill cover generates leachate. Leachate from a decomposing landfill usually
contains various amounts of organic and inorganic chemicals. Tables 7.1 and 7.2
show the range of inorganic and organic constituents found in leachate from many
landfills (Subtille D Study, 1986). These chemicals and their concentralions impact
the groundwater quality beneath and beyond the landfill. Table 7.3 illustrates the type
of waste expected from various industries. Leachate generated (rom the disposa) of
hazardous waste may contain clevated amounts of heavy metals (¢.g. mercury, lead),
toxnic substances (e.g. arsenic), and organic compounds. As illusirated in Tables 7.1
and 7.2 the concentrations of vacious organic and inorganic constituents vary. The
feachate constituents significanlly impacl the design of the leachate containment and
collection systems. Y

In the formation of leachale initially the solid waste particles and soluble materials
are carried by percolating water. Later, the soluble components that enter the
leachate stream are the result of complex series of biological and chemical reactions
that generate both liquids and gases. ,

The constituents and characier of the landfill affect the quality of the leachate
(O'Leary and Tanse!, 1986). An acidic pH condition increases the solubility of
chemical constituents, decreases the sorptive capacity of refuse and increases the ion
exchange between leachate and organic matter. Other parameters affecting the
aclivity of leachate are the redox potential, adsorption, temperature and biological
mechanism. The decomposition process could be inhibited by large changes of pH,
unfavourable ionic ¢concentrations and deficiency of nutrients (Lu ef al,, 1985; Chen
and Bowerman, 1975).

Table 7.1 Leschate constituents from municipal waste fandfills

Consifisent Cuncentration  Conatituent Conceniration
(mgfl) (mgil)
Chemical oxygen demund 50-90 (00 Bardness (as CaCO,)) 0.1-36 000
Biochemical oxyzen demand 5-75000 Tota) phosphorus 0.1-150
Total organic cacbon 50-43C00 Organte phosphorus 0.4-100
Tolal} solids 1-150C0 Nitrate aitrogen 0.1-45
Total dissolved solids T725-55 660 Phosphate (inorganic) 0.4-150
Total suspended solids 10-45000 Ammonia nitrogen 0.1-2000
Volatile suspended solids 20-750 Organic nitrogen 0.1-1000
Totel volatile solids 90-50 600 Total Kjeldahl vitrogen ~ 7-1970
Fixed solids §00-50 000 Acidity 2700-6000
Alkalinity (as CaC0,) 0.1-20 350 Turbidity (Jackson units) 130-450
Totat coliform bacteria (c.f.v./100 ml) 0-10 Chlorine 30-5000
lron 2005500 pH (ditnensionless) 3.5-6.5
Zinc 0.6-220 Sodium 20-7600
Sulphate 25-500 Copper 0,1-9
Sodium 2-19 Lcad . 0.001-1.44
Total volalile acid 70-27 700 Magnesium 3-15600
Mupganese 0.6-41 Polassium 352300
Frecal coliform bacieria (c.f.v./1000 mib) 0-10 Cadmivm 0.0.375
Specific conduclance (rohofcm) 960-16 300 Mercury 0016
Ammoniuvm nitrogzn 0-1106 Selenium 0-2.7
Chromium 0.02-18

Souree: Sublitls D Sty 1974
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- HGS Engineering, Inc.
1707F Hillyer Kobinson Industrial Pkwy South
Oxford, Alabama 36203
(256) 835-3800 = (256) 835-3301 Fax

: . ENGINEERINGIAND PROFESSIONAL SERVICES
April 25, 2001 |

Mr. Nolan Lek Jaye

Fort McCleltan Transition Force

Bidg. 215, 18™ Street

Fort McClellan, Alabama 36205-5000

Re: Methane%-Gas Monitoring
Dear Mr. Lee:f- Jaye

Methne gas monitoring was performed at the Fort McClelian Landfill on April 12,
2001. S. Thornton of HGS Engineering accompanied T. Wardall and Chris
Parker from .;ASI to the site.

The methaneé meter usad for monitoring was a Digiflam 2000 flammable gas
detector made by Neotronics. A Bar Hole Punch (4 ft. depth) was utilized when
the gas well was inaccessible (i.e. casing caps could not be refnoved).

ASI practicjeé immediate client notification and retesting of anyiwells with
methane lev?ls exceeding LEL (5% by volume).

There were fi\o visible signs of GMP-22. Based on a map dated 7-13-94, a bar
hole was magde in the approximate location of the originel site. | The terrain
prevented accessibility to GMP-12; a bar hole was made along the fence line

within 25 feet of the original location.

The ﬁndi'ngsf:f:indiwte one site registered methane; GMP-6 registered a 5% LEL
and .25% valume.

Test results f;and site location map are attached. If we may belof any service,
please call.

Sincerely -

Sherryl J. Této ta
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TEST RESULTS OF TEST: 04/12/01

MONITORING. PomT PERCENT LEL | PERCENT VOLUME REMARKS
GMP-1 ; 0 0 CULVERT
GMP-2 0 0 BAR HOLE PUNCH"
GMP-3 0 0 CULVERT
GMP-4 0 0 CULVERT
GMP-5 0 0 BAR HOLE PUNCH~
GMP-6 5 0.25 BOREHOLE
GMP-7 0 0 BOREHOLE
GMP-8 0 0 BOREHOLE
GMP-9 0 0 BOREHOLE
GMP-10 0 0 BOREHOLE
GMP-11 0 0 BAR HOLE PUNCH*
GMP-12 0. 0 BAR HOLE PUNCH
GMP-13 0 0 BAR HOLE PUNCH"
GMP-14 0 0 BAR HOLE PUNCH*
GMP-15 0 0 BOREHOLE
GMP-16 0 0 BAR HOLE PUNCH*
GMP-17 0 0 BAR HOLE PUNCH"
GMP-18 0 0 BAR HOLE PUNCH®
GMP-18 0 0 BAR HOLE PUNCH*
GMP-20 0 0 |BAR HOLE PUNCH
GMP-21 0 0 BAR HOLE PUNCH
GMP-22 0 0 BAR HOLE PUNCH
GMP-23 0 0 |cuULVERT
GMP-24 0 0 CULVERT
COMMENTS: * Bar:hole p nches were performed at these points. We were unable lo ramove the borehole o;asingqps. GMP-12
was inaccessible. A bar hole punch was perfarmed along the fence line a= class to the paint as possiblg (within 25). The
culvert for GMP-22 na loitéar exists. A bar hole punch was gerformed at that point,

TESTING BY: COMRANY ANAKYTI SERVICES, INC., NORCROSS, GA ) EQUIF TYPE] DIGIFLAM 2000

(ivanE: 'yéAcv WARq\gu. c_gqg PARRER l[ /
snomrruas/ Q%A/N LL ,b:_,ua/ / / V TEST METHQD: BAR HOLE PUNCH - 4 DEPTH
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TEST RESULTS DATE OF TEST: 5/30/00

MONITORING POINT | % LEL % VOLUME | REMARKS

GMP-1 000. 00.0 Culvert

GMP2 & 020. 01.0 Borehole

GMP-3 | 000. 00.0 Culvert

GMP4 000. 00,0 Culvert

GMP-5 008, 00.4 Borehole

GMP-6 016. 00.8 Borehole

GMP-7 | 042, 02.4 Borehole: svamp gas odor was evident

GMP-8 | 014. 00.7 Borehole

GMP-9 | 000. 00.0 Borehole

GMP-10 ©000. 00.0 Borehale

GMP-11 | 000. 00.0 Borehole

GMP-12 | 000. |- 000 Borehole

GMP-13 000, 00.0 Borehole:

GMP-14 | 000, . 00.0 Borehole

GMP-15 | 000. 00.0 Borehole

GMP-16 000. 00.0 Borehole

GMP17 | 000. 00.0 Borchole

GMP-18 000. 00.0 Borehole

GMP-19 000. 00.0 Borehole

GMP-20 000. 00.0 Borehole

GMP-21 | 000. 00.0 Borehole

GMP-22 | ~ 000. 00.0 Culvert

GMP-23 | 000. 00.0 Culvert

GMP-24 000. 00.0 Culvert
COMMENTS:
| TESTING BY: Rms:z ENGINEERS
NAME: Melissa Ca:%non / Stuart Johnsorr / Alvin Crawford EQUIPMENT ITYPE: LANTEC GA 90
SIGNATURE: V\Mm Qe J (B € TRST METHQD: BAR HOLE PUNCH-4' DEPTH
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TEST RESULTS
MONITORING POINT | % LEL | % VOLUME REMARKS
GMP-1 0.0 0.00 Culvert
GMP-2 8.0 0.40 Borchole
GMP-3 0.0 0.00 Culvert |
GMP-4 0.0 0.00 Culvent |
GMP-5 00 0.00 Borehole
GMP-6 0.0 0.00 Barehole
GMP-7 0.0 0.00 Borehole
GMP-8 00 0.00 Borchole
GMP-9 00 | 000 | Borehole
GMP-10 00 | 0.00 Borchole
GMP-11 0.0 0.00 Borehole
GMP-12 0.0 0.00 [Borehole
. GMP-13 0.0 0.00 Borehole: swamp gas odor was evident
N GMP-14 0.0 0.00 Borehole: swimp gas odor was cvident

GMP-15 0.0 0.00 Borehole |
GMP-16 0.0 0.00 Borehole |
GMP-17 0.0 0.00 Borehole |
GMP-18 0.0 0.00 Borchole
GMP-19 00 | 000 Borehole
GMP-20 00 |  0.00 Borehole
GMP-21 0.0 0.00 Borchole |
GMP-22 0.0 0.00 Culvert !
GMP-23 0.0 0.00 Culvert
GMP-24 0.0 0.00 Culvert

TISTINC BY: REBZ ENGINEERE I

NAME: fmﬁﬁ"oﬁg / ;’4’.':‘2;{;:: EQUIP TYPE: L.ANTEC GA 90
d SIGNATURE: ) MM / 'z %‘.‘ TEST msmox?: BAR HOLE PUNCH-4' DEPTH
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"DATE OF TEST:

TEST RESULTS

N ; 6+9-98
MONITORING POINT | % LEL % VOLUME |, | REMARKS
a1 1 Qo 0.0 | |Cotvert
GMP-2 LD 2 | Bo_rg_{jo le
OMP-3 0.0 Q.0 colyert
GMP-4 00 N0 Culver+
GMP-5 2 0.4 Borc hole
GMP-6 b0 0.3 -
GMP-7 0.0 0.9 «
GMP-3 D.0 0.0 “
GMP-9 -' Qo 0.0 v
GMP-10 12,0 n.5 .
o O.o 20 3

N i 0.0 0.0 v

oM 0.0 0.0 ‘.
OMP-14 0.0 2.0 "
GMP-15 0.0 2.0 v
GMP-16 - 9.0 0.0
o 00 | o
GMP-18 0.0 0.0 ,,
GMP-19 0.9 2.0 "
amP-20 0.0 0.0 "
GMP-21 0.0 oD i
aMP-22 0.0 0.0 CUI\{CH-

colver+
cul i’ ert

EQUIP TYPE: LANTEC GA 90
TEST METHOD: BAR HOLE PUNCH-4' DEPTH
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